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Description
FIELD OF THE INVENTION

[0001] The present disclosure relates generally to the
field of wireless communication, and more particularly,
to an electronic device and wireless communication
method for user equipment side, an electronic device and
wireless communication method for base station side,
and a computer-readable medium.

BACKGROUND OF THE INVENTION

[0002] With the increase in the frequency band used
by wireless communication, a wireless channel will un-
dergo larger negative influences such as a path loss, an
atmospheric absorption loss and the like. To solve for
example a problem of a high frequency band channel,
3GPP (Third Generation Partnership Project) introduces
a large-scale antenna (Massive MIMO) technique, i.e.,
provides a large number of antenna elements at a base
station or a User Equipment (UE) to perform beamform-
ing so as to make up an attenuation loss in the high fre-
quency band channel.

[0003] Although a size of a UE is relatively small, it is
still possible to provide a plurality of antenna elements.
However, considering that the cost of a radio frequency
device is relatively high, transceiver units (TXRU) gen-
erally will not be configured in one-to-one proportion to
antenna elements. Considering proportions between dif-
ferent TXRUs and antenna elements, there is a compro-
mise between analog beamforming and digital beam-
forming. In case of more TXRUs, the capacity of digital
beamforming that can be performed is stronger, but cor-
respondingly the capacity of radio frequency beamform-
ing is weaker; and in case of more antenna elements,
the capacity of radio frequency beamforming is stronger,
but correspondingly the capacity of digital beamforming
is weaker.

SUMMARY OF THE INVENTION

[0004] A brief summary of embodiments of the present
invention is given below to provide a basic understanding
of some aspects of the present invention. It should be
understood that the following summary is not an exhaus-
tive summary of the present invention. It does not intend
to define a key or important part of the present invention,
nor does it intend to limit the scope of the present inven-
tion. The object of the summary is only to briefly present
some concepts, which serves as a preamble of the de-
tailed description that follows.

[0005] According to an embodiment, there is provided
an electronic device for user equipment side, comprising
processing circuitry. The processing circuitry is config-
ured to perform control to: transmit a first uplink reference
signal which is non-precoded; receive a feedback from
a base station with respect to the first uplink reference
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signal; and transmit, based on the feedback, a second
uplink reference signal which is precoded.

[0006] According to another embodiment, there is pro-
vided a wireless communication method for user equip-
ment side, comprising: transmitting a first uplink refer-
ence signal which is non-precoded; receiving a feedback
from a base station with respect to the first uplink refer-
ence signal; and transmitting, based on the feedback, a
second uplink reference signal which is precoded.
[0007] According to still another embodiment, there is
provided an electronic device for base station side, com-
prising processing circuitry. The processing circuitry is
configured to perform control to: receive, from a user
equipment, a first uplink reference signal which is non-
precoded; transmit a feedback to the user equipment
based on the first uplink reference signal; and receive,
from the user equipment, a second uplink reference sig-
nal which is precoded and which is transmitted based on
the feedback.

[0008] According to yet another embodiment, there is
provided a wireless communication method for base sta-
tion side, comprising: receiving, from a user equipment,
a first uplink reference signal which is non-precoded;
transmitting a feedback to the user equipment, based on
the first uplink reference signal; and receiving, from the
user equipment, a second uplink reference signal which
is precoded and which is transmitted based on the feed-
back.

[0009] According to another embodiment, there is pro-
vided an electronic device for user equipment side, com-
prising processing circuitry. The processing circuitry is
configured to perform control to: transmit a precoded first
uplink reference signal by using two or more uplink ref-
erence signal resources; receive a feedback from a base
station with respect to the first uplink reference signal;
and transmit, based on the feedback, a precoded second
uplink reference signal.

[0010] According to still another embodiment, there is
provided a wireless communication method for user
equipment side, comprising: transmitting a precoded first
uplink reference signal by using two or more uplink ref-
erence signal resources; receiving a feedback from a
base station with respect to the first uplink reference sig-
nal; and transmitting, based on the feedback, a precoded
second uplink reference signal.

[0011] According to yet another embodiment, there is
provided an electronic device for base station side, com-
prising processing circuitry. The processing circuitry is
configured to perform control to: receive, from a user
equipment, a precoded first uplink reference signal which
is transmitted using two or more uplink reference signal
resources; transmit a feedback to the user equipment
based on the first uplink reference signal; and receive a
precoded second uplink reference signal which is trans-
mitted by the user equipment based on the feedback.
[0012] According to another embodiment, there is pro-
vided a wireless communication method for base station
side, comprising: receiving, from a userequipment, apre-
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coded first uplink reference signal which is transmitted
using two or more uplink reference signal resources;
transmitting a feedback to the user equipment based on
the first uplink reference signal; and receiving a precoded
second uplink reference signal which is transmitted by
the user equipment based on the feedback.

[0013] Embodiments of the present invention further
include a computer-readable medium comprising exe-
cutable instructions that, when executed by an informa-
tion processing apparatus, cause the information
processing apparatus to perform the methods according
to the above-mentioned embodiments.

[0014] Embodiments of the present invention are ca-
pable of improving the accuracy of Uplink Channel state
Information (CSI) and lowering system overhead.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The present invention could be better under-
stood with reference to the description given below in
combination with the appended drawings, wherein
throughout the appended drawings, identical or like ref-
erence signs are used to represent identical or like com-
ponents. The appended drawings together with the de-
tailed description below are included in the specification
and form a part of the specification, and are used to fur-
ther describe preferred embodiments of the present in-
vention and explain the principles and advantages of the
present invention by way of examples. In the appended
drawings:

FIG. 1 is a block diagram showing a configuration
example of an electronic device for user equipment
side according to an embodiment of the present in-
vention;

FIG. 2 is a block diagram showing a configuration
example of an electronic device for user equipment
side according to another embodiment of the present
invention;

FIG. 3 is a flowchart showing a process example of
a wireless communication method for user equip-
ment side according to an embodiment of the present
invention;

FIG. 4 is a block diagram showing a configuration
example of an electronic device for base station side
according to an embodiment of the present inven-
tion;

FIG. 5 is a flowchart showing a process example of
a wireless communication method for base station
side according to an embodiment of the present in-
vention;

FIG. 6 is a block diagram showing a configuration
example of an electronic device for user equipment
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side according to an embodiment of the present in-
vention;

FIG. 7 is a flowchart showing a process example of
a wireless communication method for user equip-
ment side according to an embodiment of the present
invention;

FIG. 8 is a flowchart showing a process example of
a wireless communication method for base station
side according to an embodiment of the present in-
vention;

FIG. 9 is a flowchart showing a configuration exam-
ple of a wireless communication apparatus for user
equipment side according to an embodiment of the
present invention;

FIG. 10 is a block diagram showing a configuration
example of a wireless communication apparatus for
base station side according to an embodiment of the
present invention;

FIG. 11 is a schematic view for illustrating a trans-
mission period of an uplink Sounding Reference sig-
nal (SRS);

FIG. 12A through FIG. 12D are schematic views for
illustrating uplink hybrid channel state information
according to an exemplary embodiment;

FIG. 13 is a schematic view for illustrating a power
boosting manner according to an exemplary embod-
iment;

FIG. 14 is a schematic view for illustrating a power
boosting manner according to another exemplary
embodiment;

FIG. 15 is a schematic view for illustrating transmis-
sion of analog beams and digital precoding by a user
equipment according to an exemplary embodiment;

FIG. 16 shows a schematic view of signaling inter-
action for uplink hybrid channel state information ac-
cording to an exemplary embodiment;

FIG. 17A through FIG. 17D are schematic views for
illustrating uplink hybrid channel state information
according to another exemplary embodiment;

FIG. 18 is a schematic view for illustrating transmis-
sion of analog beams and digital precoding by a user
equipment according to another exemplary embod-
iment;

FIG. 19is a schematic view forillustrating a condition
of coexistence of K uplink reference signal resources
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in a physical resource block;

FIG. 20 shows a schematic view of signaling inter-
action for uplink hybrid channel state information ac-
cording to another exemplary embodiment;

FIG. 21 is a block diagram showing an exemplary
structure of a computer that realizes the methods
and apparatus according to the present disclosure;

FIG. 22 is a block diagram showing an example of
a schematic configuration of an intelligent telephone
to which the technology of the present disclosure
may be applied; and

FIG. 23 is a block diagram showing an example of
a schematic configuration of gNB (a base station in
a 5G system) to which the technology of the present
disclosure may be applied.

EMBODIMENTS OF THE INVENTION

[0016] Hereinafter, embodiments of the presentinven-
tion will be described with reference to the appended
drawings. Elements and features described in one figure
or one embodiment of the present invention may be com-
bined with elements and features described in one or
more other figures or embodiments. It should be noted
that, for the sake of clarity, representation and description
of components and processing known to those ordinarily
skilled which are irrelevant to the present invention are
omitted in the appended drawings and the description.
[0017] As shown in FIG. 1, an electronic device 100
for user equipment side according to the present embod-
iment comprises processing circuitry 110. The process-
ing circuitry 110 may, for example, be implemented as a
specific chip, chipset or Central Processing Unit (CPU)
or the like.

[0018] The processing circuitry 110 comprises a trans-
mission control unit 111 and a reception control unit 113.
It should be noted that, although the transmission control
unit 111 and the reception control unit 113 are shown in
the form of functional blocks in the accompanying draw-
ings, it should be understood that the functions of these
units may also be implemented by the processing circuit-
ry 110 as a whole but not necessarily implemented by
discrete, actual components in the processing circuitry
110. In addition, although the processing circuitry 110 is
shown as one block in the figure, the electronic device
100 may comprise a plurality of processing circuitries,
and can distribute the functions of the transmission con-
trol unit 111 and the reception control unit 113 to the
plurality of processing circuitries so as to implement
these functions through cooperative operations of the
plurality of processing circuitries.

[0019] The transmission control unit 111 is configured
to perform control to transmit a first uplink reference sig-
nal which is non-precoded.
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[0020] The reception control unit 113 is configured to
perform control to receive a feedback from a base station
with respect to the first uplink reference signal.

[0021] According to an embodiment, the feedback
from the base station with respect to the first uplink ref-
erence signal may include a precoding matrix indication
determined by the base station based on the first uplink
reference signal.

[0022] The transmission control unit 111 is further con-
figured to perform control to transmit, based on the feed-
back, a second uplink reference signal which is precod-
ed.

[0023] According to an embodiment, the reception
control unit 113 may further be configured to perform
control to receive uplink channel state information deter-
mined by the base station based on the second uplink
reference signal. As an example but not a limitation, the
uplink channel state information may, for example, in-
clude an uplink precoding matrix index and a rank index.
[0024] In addition, according to an embodiment, the
transmission control unit 111 is configured to perform
control to transmit the first uplink reference signal with a
first period, and to transmit the second uplink reference
signal with a second period shorter than the first period.
[0025] In the example as shown in FIG. 11, a Type 1
SRS (afirst class of uplink reference signal) corresponds
to the above-mentioned first uplink reference signal, and
a Type 2 SRS (a second class of uplink reference signal)
corresponds to the above-mentioned second uplink ref-
erence signal. As shown in FIG. 11, the Type 1 SRS is
transmitted with a Type 1 SRS period, and within each
Type 1 SRS period, a plurality of Type 2 SRSs may be
transmitted in a Type 2 SRS period.

[0026] Further, before the base station acquires uplink
CS|, itis required to establish, between the base station
and a UE, an appropriate Beam Pair Link (BPL) or in
other words transmitting/receiving beam (Tx-Rx Beam),
i.e.,anuplinktransmitting beam at user side and an uplink
receiving beam atbase station side, as well as a downlink
receiving beam at user side and a downlink transmitting
beam at base station side. The base station may know
a suitable receiving beam at the base station and a trans-
mitting beam from the UE by measuring an uplink refer-
ence signal, and notify the UE of its transmitting beam
through a downlink control channel, for example, may
notify the UE of its transmitting beam through a downlink
control channel on a low frequency band carrier of an-
other base station in dual connection before a downlink
beam pair link is established. Accordingly, the user may
know a suitable transmitting beam at the base station
and a receiving beam at the UE by measuring a downlink
reference signal, and notify the base station of its trans-
mitting beam through an uplink control channel, for ex-
ample, may notify the base station of its transmitting
beam through an uplink control channel on alow frequen-
cy band carrier of another base station in dual connection
before an uplink beam pair link is established. The pur-
pose of the process is causing the UE to know which
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beam shall be used to perform uplink transmission and
downlink reception, and causing the base station to know
which corresponding beam shall be used to perform up-
link reception and downlink transmission.

[0027] Accordingly, as shown in FIG. 2, an electronic
device 200 for user equipment side according to an em-
bodiment comprises a processing circuitry 210. The
processing circuitry 210 comprises a transmission con-
trol unit 211, a reception control unit 213 and a scanning
control unit 215.

[0028] The scanning control unit 215 is configured to
control to perform beam scanning, and the transmission
control unit 211 is configured to perform control to trans-
mitting the first uplink reference signal on a beam deter-
mined by the beam scanning.

[0029] Hereinafter, we assume that a BPL whose
beamforming gainis strong enough has been established
between the base station and the UE. Subsequent CSI
acquisition, i.e., transmitting an uplink reference signal
by the UE and measuring the signal by the base station,
is performed on the determined BPL. As an example, the
UL beam scanning as shown in FIG. 11 corresponds to
an uplink beam scanning process.

[0030] The uplink beam scanning process may, for ex-
ample, include the following processes: a base station
end (TRP, Transmission/Reception Point) performs
measurement to determine an uplink transmitting beam
of the UE or an uplink receiving beam of the base station
end; the base station end performs measurement to se-
lect or change a receiving beam of the base station end;
the base station end performs measurement to change
an uplink transmitting beam of the UE.

[0031] Further, according to another embodiment, it is
possible to perform transmission of the first uplink refer-
ence signal on a beam determined in an initial access
phase.

[0032] In other words, the beam on which the first up-
link reference signal is transmitted may be a beam de-
termined through the UE performing uplink beam scan-
ning, and may also be a coarse beam determined by the
UE in an initial access phase. Compared with a fine
beam, the coarse beam mentioned herein refers to the
beam which has a relatively broad spatial directivity but
a relatively small beamforming gain .

[0033] Next, an exemplary embodiment of acquiring
uplink hybrid channel state information will be illustrated
with reference to FIG. 12A through FIG. 12D.

[0034] First, as shown in FIG. 12A, a transmitting (Tx)
beam of the UE and a receiving (Rx) beam of the base
station (TRP) are determined based on beam scanning.
[0035] Next, as shown in FIG. 12B, the UE transmits
non-precoded SRS signals (Class A non-precoded
SRSs) on a beam which has been selected, and the base
station calculates a partial precoding matrix indication
(partial PMI, i.e., an index of codewords W1 in a first-
level codebook representing a channel wideband long-
time characteristic) through measurement, and feeds it
back to the UE.
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[0036] Then, as shown in FIG. 12C, the UE performs
precoding on the SRSs through the precoding matrix W1
indicated by the partial PMI fed back from the base station
and transmits the precoded SRSs, and the base station
performs a feedback of codewords W2 in a second-level
codebook representing a channel narrowband short-time
characteristic by measuring the precoded SRSs to the
UE such that it acquires uplink channel CSI.

[0037] Finally, as shownin FIG. 12D, the UE precodes
a data symbol on an uplink data channel PUSCH (Phys-
ical Uplink Shared Channel) according to a channel con-
dition reflected by the uplink channel CSl so as to transmit
uplink data. For example, the data is precoded through
a precoding matrix W obtained from W1*W2.

[0038] Itshould be noted that, the specific details given
in the above-mentioned example are only illustrative but
not limiting.

[0039] In the above-mentioned exemplary process,
upon determination of an uplink transmitting beam, the
UE may transmit full-port Class A SRSs on the beam,
and the Class A SRSs herein refer to non-precoded
SRSs. That is, the number of TXRUs that the UE has or
the number of ports of SRSs that have been configured
is the number of ports of SRSs that are transmitted. The
UE transmits, within corresponding SRS resources, all
SRS ports which are non-precoded. In various examples
of the present disclosure, precoding refers to digital, mul-
ti-antenna precoding.

[0040] Incorrespondence to the above-mentioned CSI
measurement of Class A, CSI measurement of Class B
may also be defined, which is performed based on a
downlink precoded reference signal. Further, it is also
possible to define long-period and wide-band channel
CSi (referred to as a first class of CSI, obtained through
measurement corresponding to the Type 1 SRS in FIG.
11) and short-period and sub-band CSI (referred to as a
second class of CSI, measured corresponding to the
Type 2 SRS in FIG. 11). The purpose of the first class of
CSl is to collect a long-term characteristic of a channel
in order to transmit a reference signal of the second class
of CSl to perform precoding. The second class of CSl is
short-period and sub-band CSI in order to obtain final
Csl.

[0041] In order to enable the base station to receive
an SRS signal with sufficientreceiving power, in particular
within a frequency range above 6 GHz, for example, the
UE may perform transmission of concentrated power on
the respective ports of SRSs.

[0042] Accordingly, according to an embodiment, the
transmission control unit 111 may be configured to trans-
mit the first uplink reference signal in a power boosting
manner.

[0043] The powerboosting manner may comprise con-
centrating power to a Resource Element (RE) carrying
the first uplink reference signal in an Orthogonal Fre-
quency Division Multiplexing (OFDM) Symbol containing
the first uplink reference signal.

[0044] Alternatively, the power boosting manner may
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comprise transmitting only one uplink reference signal
port in one orthogonal frequency division multiplexing
symbol containing the first uplink reference signal.
[0045] Further, the powerboosting manner may further
comprise: in an orthogonal frequency division multiplex-
ing symbol containing the first uplink reference signal,
configuring zero power for a resource element which is
not for an uplink reference signal.

[0046] FIG. 13 is a schematic view showing an exam-
ple of performing a power boosting operation on SRS
ports. In FIG. 13, the vertical axis t represents time (i.e.,
OFDM symbol), and the longitudinal axis f represents
frequency (i.e., subcarrier). As shown in the figure, in a
certain OFDM symbol containing an SRS, the UE con-
centrates all power to an RE carrying the SRS, and zero
power is configured at positions of REs not carrying the
SRS.

[0047] Taking four SRS ports occupying one OFDM
symbol as an example, a power boosting scheme may
cause transmitting power of each SRS port to be in-
creased to three times the original transmitting power.
[0048] FIG. 14 is a schematic view showing a switch
(SRS Port Switch) operation on SRS ports. In FIG. 14,
the vertical axis t represents time (i.e., OFDM symbol),
andthelongitudinal axis f represents frequency (i.e., sub-
carrier). As shown in FIG. 14, only one SRS port is trans-
mitted in a certain OFDM symbol containing an SRS, and
another SRS port is transmitted in a next OFDM symbol
containing an SRS. Briefly, the respective SRS ports are
transmitted in turn, and one SRS port may occupy more
REs to be transmitted and exclusively occupy uplink
transmitting power in one OFDM symbol.

[0049] It should be noted that, the power boosting
scheme may be used in combination in the port switch
scheme, that is, one OFDM symbol only transmits one
SRS port, and power of other REs in the symbol is set
to zero, and the saved power may be provided for use
by an RE occupied by the SRS port. The purpose of this
is to enabling a non-precoded SRS signal transmitted by
the UE to be received by the base station with sufficient
power.

[0050] Further, for example, due to problems such as
uplink path loss measurement and rate matching and the
like, the UE may need to report, to the base station,
whether the SRS ports use the power boosting scheme.
[0051] Accordingly, according to an embodiment, the
transmission control unit 111 may be configured to per-
form control to report, to the base station, indication in-
formation regarding whether the power boosting manner
is used.

[0052] Next, general description of the above-men-
tioned exemplary process will be further illustrated with
reference to FIG. 15.

[0053] From the perspective of time, a transmission
period of the Class A SRSs is longer, and its purpose is
to cause the base station to know a general condition of
an uplink channel of the UE. The time relationship is, for
example, as shown in FIG. 11.
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[0054] After measuring the Class A SRSs, the base
station may know a precoding matrix which is relatively
suitable for the UE, and notify the UE, for example, in the
manner of uplink wordcodes W1. The general precoding
codeword of the channel is W=W1*W2, wherein the func-
tion of W2 is equivalent to selecting one codeword among
M second-level codewords contained in W1.

[0055] The UE may deduce a relatively suitable pre-
coding matrix from W1, and use the precoding matrix in
a subsequent process to perform precoding on a Class
B SRS, such that the SRS has a stronger beamforming
gain, i.e., spatial directivity. Meanwhile, the number of
Class B SRS ports is also significantly decreased in com-
parison with the number of the previous Class A SRS
ports, thereby reducing reference signal overhead of the
system.

[0056] Next, brief illustration with regard to calculation
of precoding will be made.

[0057] The UE transmits an SRS which is non-precod-
ed. The base station measures the SRS, and decompos-
es the whole channel, i.e., Hgy = hy g ® hpo,, Where h o,

and hy,, represent channels of "vertical-dimension" and

"horizontal-dimension" ports of the UE, respectively, and
their Kronecker product represents the whole channel. It
should be noted that, since an antenna panel of the UE
moves and rotates along with a spatial position of the
UE, the "vertical-dimension" and the "horizontal-dimen-
sion" do not necessarily refer to being vertical to the
ground and horizontal to the ground in real sense, but
are intended to represent that there is such a relationship
among different SRS ports in one antenna panel of the
UE that they are vertical to each other. Taking a vertical-
dimension channel as an example, the base station
needs to select one from among K vertical-dimension
precoding matrixes contained in a codebook to perform
vertical-dimension precoding on an SRS. The base sta-

r H

tion may calculate Ipwr

i

2
| where p¥, isonein
ver . wer

a k-th vertical-dimension precoding matrix, and a largest
one may be selected as the precoding to be next used.
This example decomposes the channel into a vertical
dimension and a horizontal dimension and respectively
feeds back precoding matrixes, but the present disclo-
sure is not limited hereto. It is also possible to perform
no channel decomposition, and the base station feeds
back an indication of a precoding matrix representing the
whole uplink channel to the UE.

[0058] The base station measures the precoded Class
B SRSs, obtains an uplink Precoding Matrix Index (TPMI)
and a Rank Index (TRI) through calculation and notifies
them to the UE. The base station may inform, through
UL Grant (uplink grant), the UE of a grade of a Modulation
Coding Scheme (MCS) that shall be used. Alternatively,
the base station may also notify UE of a Channel Quality
Indication (CQl).

[0059] Inthe above-mentioned exemplary process, af-
ter a relatively fine beam pair link has been established
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through a beam scanning process between the base sta-
tion and the UE, for example, ifonly Type 1 Class A SRSs
have been configured for the UE through only high layer
signaling such as RRC signaling, then the UE only trans-
mits class A SRSs, and transmits data through the TPMI
fed back by the base station. On the other hand, after a
relatively coarse beam pair link has been established for
example through only an initial access process between
the base station and the UE, if the base station not only
has configured Type 1 Class A SRSs for a UE but also
has configured SRSs of Class B K=1 resources for the
UE through high layer signaling such as RRC signaling,
then the UE performs acquisition of hybrid uplink CSI
through the above-mentioned flow.

[0060] Next, an example of an acquiring process of
channel state information will be illustrated in combina-
tion with FIG. 16.

[0061] First, the UE and the base station perform a
beam scanning process, and the base station measures
an SRS reference signal, performs selection of an uplink
transmitting (UL Tx) beam, for example, selecting an up-
link transmitting beam with the strongest receiving power
(RSRP), and transmits a first SRS resource indication
(Type | SRI) indicating the selected beam to the UE.
Since all the uplink transmitting beams transmit SRSs
carried by different resources, both the base station and
the UE may recognize corresponding beams through re-
source indications of SRSs.

[0062] Next, the UE performs transmission through all
the SRS ports, and the base station measures all the
SRS ports and calculates a preferable UL precoder, and
transmits a partial PMI indicating a preferable UL Tx pre-
coder (W1) to the UE.

[0063] Next, the UE performs precoding on the SRSs
according to the UL Tx precoder W1 fed back by the base
station and transmits the precoded SRSs, and the base
station performs measurement and calculates uplink
channel state information (UL CSI) capable of indicating
a finer precoding matrix W2, so as to feed back uplink
TPMI, TRI and/or CQI to the UE.

[0064] Finally, the UE performs precoding on a data
symbol using the precoder W1*W2 indicated by the base
station so as to perform PUSCH transmission, and the
base station performs data detection and performs Hy-
brid Automatic Repeat Request (HARQ) feedback.
[0065] Inthe foregoing description process of the elec-
tronic device for user equipment side according to the
embodiment of the present invention, some processes
and methods obviously have also been disclosed. Next,
illustration with regard to a wireless communication meth-
od for user equipment side according to an embodiment
of the present invention will be given without repeating
the details having been described previously.

[0066] As shown in FIG. 3, according to an embodi-
ment, a wireless communication method for user equip-
ment side comprises the following steps:

S310 of transmitting a first uplink reference signal
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which is non-precoded;

S320 of receiving a feedback from a base station
with respect to the first uplink reference signal; and

S330 of transmitting, based on the feedback, a sec-
ond uplink reference signal which is precoded.

[0067] Further, embodiments of the present invention
further include an electronic device for base station side.
[0068] As shown in FIG. 4, an electronic device 400
for base station side according to an embodiment com-
prises processing circuitry 410. The processing circuitry
410 comprises a reception control unit 411 and a trans-
mission control unit 413.

[0069] The reception control unit 411 is configured to
perform control to receive, from a user equipment, a first
uplink reference signal which is non-precoded.

[0070] The transmission control unit 413 is configured
to perform control to transmit a feedback to the user
equipment based on the first uplink reference signal.
[0071] The reception control unit 411 is further config-
ured to perform control to receive, from the user equip-
ment, a second uplink reference signal which is precoded
and which is transmitted based on the feedback.
[0072] FIG.5showsawireless communication method
for base station side according to an embodiment, com-
prising the following steps:

S510 of receiving, from a user equipment, a first up-
link reference signal which is non-precoded;

S520 of transmitting a feedback to the user equip-
ment, based on the first uplink reference signal; and

S530 of receiving, from the user equipment, a sec-
ond uplink reference signal which is precoded and
which is transmitted based on the feedback.

[0073] In the above-described embodiment according
to a first aspect of the prevent invention, a hybrid CSI
mechanism of Class A + K=1 Class B has been adopted,
wherein Class A represents non-precoded SRSs, and
K=1 Class B represents precoded SRSs for which the
number of precoded SRS resources is 1.

[0074] According to an embodiment of another aspect
of the present invention, there is provided a hybrid CSI
mechanism of K>1 Class B + K=1 Class B, wherein K>1
Class B represents precoded SRSs for which the number
of precoded SRS resources is larger than 1. Next, the
embodiment of this aspect will be described.

[0075] An electronic device for user equipment side
according to an embodiment of a second aspect of the
present invention will be described still with reference to
FIG. 1. An electronic device 100 according to the present
embodiment comprises a processing circuitry 110. The
processing circuitry 110 comprises a transmission con-
trol unit 111 and a reception control unit 113.
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[0076] The transmission control unit 111 is configured
to perform control to transmit a precoded first uplink ref-
erence signal by using two or more uplink reference sig-
nal resources.

[0077] The reception control unit 113 is configured to
perform control to receive a feedback from a base station
with respect to the first uplink reference signal.

[0078] Accordingtoanembodiment, the feedback may
comprise indication information of a reference signal re-
source selected by the base station through measuring
the above-mentioned two or more uplink reference signal
resources. Alternatively, the feedback may comprise a
channel quality indication of the base station with respect
to each precoded uplink reference signal resource.
[0079] The transmission control unit 111 is further con-
figured to perform control to transmit, based on the feed-
back, a precoded second uplink reference signal.
[0080] Similarly to the case as shown in FIG. 11, in an
embodiment according to a second aspect of the present
invention, the transmission control unit 111 may further
be configured to perform control to transmit the first uplink
reference signal with a first period, and to transmit the
second uplink reference signal with a second period
shorter than the first period.

[0081] According to an embodiment, the reception
control unit 113 may further be configured to perform
control to receive uplink channel state information deter-
mined by the base station based on the second uplink
reference signal.

[0082] As an example, the uplink channel state infor-
mation may comprise an uplink precoding matrix index,
[0083] Inthe embodiment according to the second as-
pect, the UE may perform beam scanning in a similar
way to the foregoing embodiment, and the base station
notifies the UE of its uplink transmitting beam, for exam-
ple, by feeding back SRI (SRS resource indication). Sub-
sequently, the UE may transmit K>1 Class B SRS re-
sources through precoding within a selected analog
beam range.

[0084] Inparticular, the UE may determine a precoding
matrix of K>1 precoded SRSs according to the deter-
mined uplink transmitting beam. For example, if the up-
link beam determined by the UE covers a 40-degree
space from 60 degrees to 100 degrees in a horizontal
dimension, then the UE may select K=4 precoding ma-
trixes to transmit in a horizontal space the precoded
SRSs which respectively cover 60 degrees to 70 de-
grees, 70 degrees to 80 degrees, 80 degrees to 90 de-
grees and 90 degrees to 100 degrees. Those skilled in
the art could understand that, digital precoding can also
cause a radio wave to have a certain directivity, such that
SRSs which cover different angles respectively can be
transmitted through superposed use of different precod-
ing matrixes and same analog beams.

[0085] FIG. 6 shows a configuration example of an
electronic device 600 for user equipment side according
to another embodiment. The electronic device 600 com-
prises processing circuitry 610. The processing circuitry
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610 comprises a determining unit 615, a transmission
control unit 611 and a reception control unit 613. The
transmission control unit 611 and the reception control
unit 613 are configured similarly to the transmission con-
trol unit and the reception control unit described previ-
ously.

[0086] The determining unit615 is configured to deter-
mine the number of uplink reference signal resources for
the first uplink reference signal according to a spatial cov-
erage range of a beam, wherein the beam may be de-
termined through beam scanning or determined in an
initial access phase.

[0087] Next, an exemplary manner of acquiring uplink
hybrid channel state information will be illustrated with
reference to FIG. 17A through FIG. 17D.

[0088] AsshowninFIG.17A,first, a transmitting beam
of the UE and a receiving beam of the base station are
determined based on beam scanning.

[0089] Next, as shown in FIG. 17B, the UE transmits
K SRSs which are respectively precoded (for example,
transmitting precoded SRS ports 1-4 on a first SRS re-
source, transmitting precoded SRS ports 5-8 on a second
SRS resource, et cetera) by using K resources within the
determined analog beam range, and the base station se-
lects a precoding resource with the strongest receiving
power by measuring the K SRS resources, for example,
based on RSRP, and notifies the UE through an SRI, or
the base station may directly feed back CQl to which
each precoding SRS resource corresponds to the UE,
for allowing the UE to make self-selection.

[0090] Next, as shown in FIG. 17C, the UE collects
uplink CSlI, for example including TPMI, TRI, by a pre-
coding matrix to which the selected precoding resource
corresponds.

[0091] Finally, as shown in FIG. 17D, the UE deter-
mines, from the collected uplink CSI, a precoding matrix
for data transmission so as to transmit uplink data on an
uplink data channel PUSCH.

[0092] Next, acquisition of uplink K>1 Class B CSI will
be further illustrated with reference to FIG. 18.

[0093] Upon determination of an uplink transmitting
beam, the UE starts to transmit precoded Class B SRSs
of K >1 resources on the beam. The number of the pre-
coded SRS ports is generally smaller than the number
of the TXRUs that the UE has. As an example, FIG. 19
shows a schematic view of coexistence of K SRS re-
sources in a Physical Resource Block (PRB). In FIG. 19,
the horizontal axis trepresents time (i.e., OFDM symbol),
and the vertical axis f represents frequency (i.e., subcar-
rier).

[0094] From the perspective of time, a transmission
period for the K>1 Class B SRSs is relatively long, and
its purpose is to allow the base station to know a general
condition for an uplink channel of the UE, i.e., for which
precoder a reference signal is more suitable for acquiring
Csl.

[0095] After measuring the K>1 Class B SRSs, the
base station may obtain RSRP of each SRS resource,
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and may function a precoder of an SRS carried by an
SRS resource with the largest RSRP as a selected pre-
coder, and may notify the UE through an SRI, for exam-
ple. The UE recognizes a precoder indicated by the base
station according to the SRI and performs precoding on
the SRSs and performs denser transmission in compar-
ison with the K>1 Class B SRSs, such that the base sta-
tion performs measurement on the precoded SRSs and
obtains uplink CSI.

[0096] As described previously, the base station may
notify the UE of an uplink transmission beam through an
SRI, and further, the base station may also notify the UE
of alternative precoding through an SRI. Accordingly, the
following exemplary manners may be adopted to distin-
guish uses of an SRI.

[0097] Manner 1: the base station may notify an SRS
resource associated with an SRI to the UE in advance,
and the base station may configure an SRS resource for
the UE through high layer signaling such as RRC, for
example, cause a part of the resource to be used only to
perform uplink beam scanning and a part of the resource
to be used only to perform transmission of an uplink pre-
coded SRS, thereby making it possible to identify the
purpose of an SRS resource corresponding to the SRI,
i.e.,whetherthe SRS resource is used for beam scanning
or for uplink CSI acquisition.

[0098] Manner 2: the base station for example may
use indication information in 1 bit together with an SRI
to notify the UE of the use of the SRI. For example, bit
"0" represents thatan SRS resource indicated by the SRI
is an SRS for beam scanning; bit "1" represents that an
SRS resource indicated by the SRI is an SRS for CSI
acquisition.

[0099] Accordingly, according to an embodiment, the
reception control unit 113 may be configured to perform
control to receive uplink reference signal resource noti-
fied by the base station, wherein in the uplink reference
signal resource, a part of the resource can be used only
for uplink beam scanning, and a part of the resource can
be used only for transmitting an uplink reference signal.
[0100] In an embodiment, it is possible to determine,
based on an indicator bit transmitted by the base station
together with uplink reference signal resource indication,
whether the uplink reference signal resource indication
is directed to the resource for uplink beam scanning or
the resource for transmitting an uplink reference signal.
[0101] Further, to expedite or exempt the process of
uplink beam scanning, it is possible to perform commu-
nication through only a beam pair link determined in an
initial access phase, and the UE may use a precoding
SRS technique to substitute a fine beam pair link.
[0102] Accordingly, according to an embodiment, the
transmission control unit 111 may be configured to per-
form control to transmit the first uplink reference signal
through a beam pair link determined in an initial access
phase.

[0103] Thereafter, it is possible to perform acquisition
of uplink K= 1 Class B CSI. The base station may meas-
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ure the precoded K=1 Class B SRSs, and obtain a TPMI
through calculation and notify it to the UE.

[0104] As an example, FIG. 20 shows an example of
an acquisition process of channel state information. In
comparison with the exemplary process as shownin FIG.
16, in the exemplary process as shown in FIG. 20, fol-
lowing the determined UL Tx beam, the UE transmits K
precoded SRS resources, and the base station measures
the KSRS resources, determines a beam with the strong-
est gain thereamong, and indicates a corresponding type
Il SRI to the UE.

[0105] FIG. 7 shows a process example of a wireless
communication method for user equipment side accord-
ing to an embodiment for a second aspect of the present
invention, and the method comprising the following steps:

S710 of transmitting a precoded first uplink reference
signal by using two or more uplink reference signal
resources;

S720 of receiving a feedback from a base station
with respect to the first uplink reference signal; and

S730 of transmitting, based on the feedback, a pre-
coded second uplink reference signal.

[0106] Next, a configuration example of an electronic
device for base station side according an embodiment
for a second aspect of the present invention will be de-
scribed still with reference to FIG. 4. An electronic device
400 according to the present embodiment comprises
processing circuitry 410. The processing circuitry 410
comprises a reception control unit 411 and a transmis-
sion control unit 413.

[0107] The reception control unit 411 is configured to
perform control to receive, from a user equipment, a pre-
coded first uplink reference signal which is transmitted
using two or more uplink reference signal resources.
[0108] The transmission control unit 413 is configured
to perform control to transmit a feedback to the user
equipment based on the first uplink reference signal.
[0109] The reception control unit 411 is further config-
ured to perform control to receive a precoded second
uplink reference signal which is transmitted by the user
equipment based on the feedback.

[0110] FIG. 8 shows a process example of a wireless
communication method for base station side according
to an embodiment for a second aspect of the present
invention, the method comprising the following steps:

S810 of receiving, from a user equipment, a precod-
ed first uplink reference signal which is transmitted

using two or more uplink reference signal resources;

S820 of transmitting a feedback to the user equip-
ment based on the first uplink reference signal; and

S830 of receiving a precoded second uplink refer-
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ence signal which is transmitted by the user equip-
ment based on the feedback.

[0111] As shown in FIG. 9, according to an embodi-
ment, a wireless communication apparatus for user
equipment side comprises: a transmission control device
910 configured to transmit a first uplink reference signal
which is non-precoded; and a reception control device
920 configured to receive a feedback from a base station
with respect to the first uplink reference signal; the trans-
mission control device 910 further configured to transmit,
based on the feedback, a second uplink reference signal
which is precoded.

[0112] Referring still to FIG. 9, according to another
embodiment, a wireless communication apparatus for
user equipment side comprises: a transmission control
device 910 configured to transmit a precoded first uplink
reference signal by using two or more uplink reference
signal resources; and a reception control device 920 con-
figured to receive a feedback from a base station with
respect to the first uplink reference signal; the transmis-
sion control device 910 is further configured to transmit,
based on the feedback, a precoded second uplink refer-
ence signal.

[0113] As shown in FIG. 10, according to an embodi-
ment, a wireless communication apparatus for base sta-
tion side comprises: a reception control device 1010 con-
figured to receive, from a user equipment, a first uplink
reference signal which is non-precoded; a transmission
control device 1020 configured to transmit a feedback to
the user equipment based on the first uplink reference
signal; the reception control device 1010 is further con-
figured to receive, from the user equipment, a second
uplink reference signal which is precoded and which is
transmitted based on the feedback.

[0114] Referring still to FIG. 10, according to another
embodiment, a wireless communication apparatus for
base station side comprises: a reception control device
1010 configured to receive, from a user equipment, a
precoded first uplink reference signal which is transmitted
using two or more uplink reference signal resources; and
atransmission control device 1020 configured to transmit
afeedback to the user equipmentbased on the first uplink
reference signal; the reception control device 1010 fur-
ther configured to receive a precoded second uplink ref-
erence signal which is transmitted by the user equipment
based on the feedback.

[0115] Further, embodiments of the present disclosure
further comprise a computer-readable medium compris-
ing executable instructions that, when executed by an
information processing apparatus, cause the information
processing apparatus to perform the methods according
to the above-mentioned embodiments.

[0116] As an example, the respective steps of the
above methods and the respective constituent modules
and/or units of the above devices may be implemented
as software, firmware, hardware or a combination there-
of. Inthe case ofimplementation by software or firmware,
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a program constituting the software for implementing the
above methods is installed from a storage medium or a
network to a computer having a purpose-specific hard-
ware structure (e.g., the universal personal computer
2000 as shown in FIG. 21). The computer, when installed
with various programs, is capable of executing various
functions and the like.

[0117] InFIG.21,an central processing unit(i.e., CPU)
2101 executes various processing according to a pro-
gram stored in a Read-Only Memory (ROM) 2102 or a
program uploaded from a storage section 2108 to a Ran-
dom Access Memory (RAM) 2103. In the RAM 2103, the
required data when the CPU 2101 executes various
processing and the like is also stored as needed. The
CPU 2101, the ROM 2102 and the RAM 2103 are linked
to each other via a bus 2104. An input/output interface
2105 is also linked to the bus 2104.

[0118] The following components are linked to the in-
put/output interface 2105: an input section 2106 (includ-
ing a keyboard, a mouse and the like), an output section
2107 (including a display, such as a Cathode Ray Tube
(CRT), a Liquid Crystal Display (LCD) and the like, as
well as a speaker and the like), the storage section 2108
(including a hard disc and the like), and a communication
section 2109 (including a network interface card such as
an LAN card, a modem and the like). The communication
section 2109 executes communication processing via a
network such as the Internet. As needed, a driver 2110
may also be linked to the input/output interface 2105. A
detachable medium 2111 such as a magnetic disc, an
optical disc, a magnetic optical disc, a semiconductor
memory and the like is installed on the driver 2110 as
needed, such that a computer program read therefrom
is installed in the storage section 2108 as needed.
[0119] In acase where the above series of processing
is implemented by software, a program constituting the
software is installed from a network such as the Internet
or a storage medium such as the detachable medium
2111.

[0120] Those skilled in the art should appreciate that
such a storage medium is not limited to the detachable
medium 2111 having stored therein a program and dis-
tributed separately from an apparatus to provide the pro-
gram to a user as shown in FIG. 21. Examples of the
detachable medium 2111 include a magnetic disc (in-
cluding a floppy disc (registered trademark)), a compact
disc (including a Compact Disc Read-Only Memory (CD-
ROM) and a Digital Versatile Disc (DVD), a magneto op-
tical disc (including a Mini Disc (MD) (registered trade-
mark)), and a semiconductor memory. Alternatively, the
storage medium may be hard discs and the like included
in the ROM 2102 and the storage section 2108, in which
programs are stored, and which are distributed concur-
rently with the apparatus including them to users.
[0121] Embodiments of the present invention further
relate to a program product having stored therein ma-
chine-readable instruction codes that, when read and ex-
ecuted by a machine, can execute the above methods
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according to the embodiments of the present invention.
[0122] Accordingly, a storage medium for carrying the
above program product having stored therein machine-
readable instruction codes is also included in the disclo-
sure of the present invention. The storage medium in-
cludes but is not limited to a floppy disc, an optical disc,
a magnetic optical disc, a memory card, a memory stick
and the like.

[0123] Embodiments of the present invention further
relate to an electronic apparatus. The electronic appara-
tus, when used for base station side, may be realized as
any type of Evolved node B (eNB), such as macro eNB
and small eNB. The small eNB may be an eNB of a cell
with smaller coverage than a macro cell, such as a pico
eNB, a micro eNB and a home (femto) eNB. Alternatively,
the electronic apparatus may be realized as any other
type of base station, such as NodeB and Base Trans-
ceiver Station (BTS). Preferably, the electronic appara-
tus may be realized as a gNB in a 5G system. The elec-
tronic device may comprise: a main body (also referred
to as a base station equipment) configured to control
wireless communication; and one or more Remote Radio
Heads (RRHs) arranged at different places of the main
body. In addition, all the various types of terminals which
will be described below can operate as base stations by
temporarily or semi-persistently executing base station
functions.

[0124] The electronic apparatus, when used for user
equipment side, may be realized as a mobile terminal
(such as an intelligent telephone, a tablet Personal Com-
puter (PC), a notebook PC, a portable game terminal, a
portable/softdog mobile router and a digital image pick-
up device) or an in-vehicle terminal (such as an automo-
bile navigation equipment). In addition, the electronic ap-
paratus may be a wireless communication module (such
as an integrated circuit module including a single or more
wafers) installed on each of the above terminals.

[Application Example With Regard to Terminal Equip-
ment]

[0125] FIG. 22is a block diagram showing an example
of a schematic configuration of an intelligent telephone
2500 to which the technology of the present disclosure
may be applied. The intelligent telephone 2500 compris-
es a processor 2501, a memory 2502, a storage device
2503, an external connection interface 2504, an camera
2506, asensor 2507, a microphone 2508, an inputdevice
2509, a display device 2510, a speaker 2511, a wireless
communication interface 2512, one or more antenna
switches 2515, one or more antennas 2516, a bus 2517,
a battery 2518, and an auxiliary controller 2519.

[0126] The processor 2501 may be for example a CPU
or a System on Chip (SoC), and control functions of an
application layer and additional layers of the intelligent
telephone 2500. The memory 2502 comprises an RAM
and an ROM, and stores data and programs executed
by the processor 2501. The storage device 2503 may
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comprise a storage medium, such as a semiconductor
memory and a hard disc. The external connection inter-
face 2504 is used for connecting an external device (such
as a memory card and a Universal Serial Bus (USB) de-
vice) to an interface of the intelligent telephone 2500.
[0127] The camera 2506 comprises an image sensor
(such as a Charge Coupled Device (CCD) and a Com-
plementary Metal Oxide Semiconductor (CMOS)), and
generates a captured image. The sensor 2507 may com-
prise agroup of sensors, such as a measurement sensor,
agyro sensor, ageomagnetic sensor and an acceleration
sensor. The microphone 2508 converts sound inputted
to the intelligent telephone 2500 to an audio signal. The
input device 2509 comprises for example a touch sensor
configured to detect a touch on a screen of the display
device 2510, a keypad, a keyboard, buttons or switches,
and receives an operation or information inputted from a
user. The display device 2510 comprises a screen (such
as a Liquid Crystal Display (LCD) and an Organic Light-
Emitting Diode (OLED) display), and displays an output
image of the intelligent telephone 2500. The speaker
2511 converts the audio signal outputted from the intel-
ligent telephone 2500 to sound.

[0128] The wireless communication interface 2512
supports any cellular communication scheme (such as
LTE and LTE-Advanced), and executes wireless com-
munication. The wireless communication interface 2512
generally may comprise for example a BB processor
2513 and an RF circuit 2514. The BB processor 2513
may execute for example coding/decoding, modula-
tion/demodulation and multiplexing/demultiplexing, and
execute various types of signal processing for wireless
communication. Meanwhile, the RF circuit 2514 may
comprise for example a frequency mixer, a filter and an
amplifier, and transmit and receive a wireless signal via
the antenna 2516. The wireless communication interface
2512 may be a chip module on which a BB processor
2513 and an RF circuit 2514 are integrated. As shown in
FIG. 22, the wireless communication interface 2512 may
comprise a plurality of BB processors 2513 and a plurality
of RF circuits 2514. Although FIG. 22 shows an example
in which the wireless communication interface 2512 com-
prises a plurality of BB processors 2513 and a plurality
of RF circuits 2514, the wireless communication interface
2512 may also comprise a single BB processor 2513 or
a single RF circuit 2514.

[0129] In addition, besides the cellular communication
schemes, the wireless communication interface 2512
may support other types of wireless communication
schemes, such as a short range wireless communication
scheme, a near field communication scheme and a wire-
less Local Area Network (LAN) scheme. In this case, the
wireless communication interface 2512 may comprise a
BB processor 2513 and an RF circuit 2514 for each wire-
less communication scheme.

[0130] Each of the antenna switches 2515 switches a
connection destination of the antenna 2516 between a
plurality of circuits included in the wireless communica-
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tioninterface 2512 (for example, circuits for different wire-
less communication schemes).

[0131] Each of the antennas 2516 comprises a single
or more antenna elements (such as a plurality of antenna
elements included in an MIMO antenna), and is used for
the communication interface 2512 to transmitand receive
a wireless signal. As shown in FIG. 22, the intelligent
telephone 2500 may comprise a plurality of antennas
2516. Although FIG. 22 shows an example in which the
intelligent telephone 2500 comprises a plurality of anten-
nas 2516, the intelligent telephone 2500 may also com-
prise a single antenna 2516.

[0132] In addition, the intelligent telephone 2500 may
comprise an antenna 2516 for each wireless communi-
cation scheme. In this case, the antenna switch 2515
may be omitted from the configuration of the intelligent
telephone 2500.

[0133] Thebus 2517 connects the processor 2501, the
memory 2502, the storage device 2503, the external con-
nection interface 2504, the camera 2506, the sensor
2507, the microphone 2508, the input device 2509, the
display device 2510, the speaker 2511, the wireless com-
munication interface 2512 and the auxiliary controller
2519 to each other. The battery 2518 supplies electric
power to the respective blocks of the intelligent telephone
2500 as shown in FIG. 22 via feeder lines which are par-
tially shown as dashed lines in the figure. The auxiliary
controller 2519 for example manipulates the minimum
necessary function of the intelligent telephone 2500 in a
sleep mode.

[0134] In the intelligent telephone 2500 as shown in
FIG. 22, the transceiver device of the wireless commu-
nication apparatus at user equipment side according to
the embodiment of the present invention may be realized
by the wireless communication interface 2512. At least
part of the functions of the processing circuitry and/or
respective units of the electronic device or wireless com-
munication apparatus at user equipment side according
to the embodiment of the present invention may also be
implemented by the processor 2501 or the auxiliary con-
troller 2519. For example, part of the function of the proc-
essor 2501 may be implemented by the auxiliary control-
ler 2519 so as to reduce power consumption of the battery
2518. Further, the processor 2501 or the auxiliary con-
troller 2519 may implement part of the functions of the
processing circuitry and/or respective units of the elec-
tronic device or wireless communication apparatus at us-
er equipment side according to the embodiment of the
present invention by executing the program stored in the
memory 2502 or the storage device 2503.

[Application Example With Regard to Base Station]

[0135] FIG. 23 is a block diagram showing an example
of a schematic configuration of a gNB to which the tech-
nology of the present disclosure may be applied. The
gNB 2300 comprises one or more antennas 2310 and a
base station equipment 2320. The base station equip-

10

15

20

25

30

35

40

45

50

55

12

ment 2320 and each antenna 2310 may be connected
with each other via a radio frequency (RF) cable.
[0136] Each of the antennas 2310 comprises a single
or more antenna elements (such as a plurality of antenna
elements included in a Multi-Input Multi-Output (MIMO)
antenna), and is used for the base station equipment
2320 to transmit and receive a wireless signal. As shown
in FIG. 23, the gNB 2300 may comprise a plurality of
antennas 2310. For example, the plurality of antennas
2310 may be compatible with a plurality of frequency
bands used by the gNB 2300.

[0137] The base station equipment 2320 comprises a
controller 2321, a memory 2322, a network interface
2323, and a wireless communication interface 2325.
[0138] The controller 2321 may be for example a CPU
or a DSP, and manipulates various functions of a higher
layer of the base station equipment 2320. For example,
the controller 2321 generates data packets according to
datain a signal processed by the wireless communication
interface 2325, and transfers the generated packets via
the network interface 2323. The controller 2321 may per-
form bundling for data from a plurality of baseband proc-
essors to generate bundled packets, and transfer the
generated bundled packets. The controller 2321 may
have a logic function of executing control, which is such
as radio resource control, radio bearer control, mobility
management, admission rule and dispatching. The con-
trol may be executed in combination with a nearby gNB
or a core network node. The memory 2322 comprises an
RAM and an ROM, and stores programs executed by the
controller 2321 and various types of control data (such
as a terminal list, transmission power data, and sched-
uling data).

[0139] The networkinterface 2323 is a communication
interface for connecting the base station equipment 2320
to a core network 2324. The controller 2321 may com-
municate with a core network node or another gNB via
the network interface 2323. In this case, the gNB 2300
and the core network node or another gNB may be con-
nected to each other via a logic interface (such as NG
interface and Xn interface). The network interface 2323
may also be a wired communication interface, or a wire-
less communication interface for a wireless backhaul. If
the network interface 2323 is a wired communication in-
terface, as compared with frequency bands used by the
wireless communication interface 2325, the network in-
terface 2323 may use higher frequency bands for wire-
less communication.

[0140] The wireless communication interface 2325
supports any cellular communication scheme (such as
Long Term Evolution (LTE) and LTE-Advanced), and is
provided with a wireless connection to a terminal located
in a cell of the gNB 2300 via the antenna 2310. The wire-
less communication interface 2325 generally may com-
prise for example a BaseBand (BB) processor 2326 and
an RF circuit 2327. The BB processor 2326 may execute
for example coding/decoding, modulation/demodulation
and multiplexing/demultiplexing, and execute various
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types of signal processing of layers (for example L1, Me-
dium Access control (MAC), Radio Link Control (RLC)
and Packet Data Convergence Protocol (PDCP)). In-
stead of the controller 2321, the BB processor 2326 may
have part of all of the above logic function. The BB proc-
essor 2326 may be a memory which stores a communi-
cation control program, or a module comprising a proc-
essor configured to execute a program and a related cir-
cuit. The function of the BB processor 2326 may be
changed through program updating. The module may be
acard or blade inserted in a slot of the base station equip-
ment 2320. Alternatively, the module may also be a chip
installed on a card or blade. Meanwhile, the RF circuit
2327 may comprise for example a frequency mixer, a
filter and an amplifier, and transmit and receive a wireless
signal via the antenna 2310.

[0141] Asshownin FIG. 23, the wireless communica-
tion interface 2325 may comprise a plurality of BB proc-
essors 2326. For example, the plurality of BB processors
2326 may be compatible with a plurality of frequency
bands used by the gNB 2300. As shown in FIG. 23, the
wireless communication interface 2325 may comprise a
plurality of RF circuits 2327. For example, the plurality of
RF circuits 2327 may be compatible with a plurality of
antenna elements. Although FIG. 23 shows an example
in which the wireless communication interface 2325 com-
prises a plurality of BB processors 2326 and a plurality
of RF circuits 2327, the wireless communication interface
2325 may also comprise a single BB processor 2326 or
a single RF circuit 2327.

[0142] Inthe gNB 2300 as shownin FIG. 23, the trans-
ceiver device of the wireless communication apparatus
at base station side according to the embodiment of the
present invention may be realized by the wireless com-
munication interface 2325. At least part of the functions
of the processing circuitry and/or respective units of the
electronic device or wireless communication apparatus
at base station side according to the embodiment of the
present invention may also be implemented by the con-
troller 2321. For example, the controller 2321 may im-
plement at least part of the functions of the processing
circuitry and/or respective units of the electronic device
orwireless communication apparatus atbase station side
according to the embodiment of the present invention by
executing a program stored in the memory 2322.
[0143] In the foregoing description of the detailed em-
bodiments of the present invention, features described
and/or shown with respect to one embodiment may be
used in one or more other embodiments in an identical
or similar manner, be combined with features in other
embodiments, or substitute features in other embodi-
ments.

[0144] It should be emphasized that, the term "com-
prise/include" used herein refers to existence of features,
elements, steps or assemblies, but does not preclude
existence or addition of one or more other features, ele-
ments, steps or assemblies.

[0145] In the above embodiments and examples, ref-
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erence numerals composed of digits are used to repre-
sent the respective steps and/or units. Those ordinarily
skilled in the art should understand that, these reference
numerals aim only to facilitate description and plotting,
but do not represent an order thereof or any other limi-
tation.

[0146] Further, the methods of the present invention
are not limited to be executed in the temporal order de-
scribed in the specification, but may also be executed
sequentially, in parallel or independently in other orders.
Therefore, the execution order of the methods described
in the present specification does not constitute a limita-
tion to the technical scope of the present invention.
[0147] Although the present invention has been dis-
closed above by the description of the detailed embodi-
ments of the present invention, it should be understood
that all the above embodiments and examples are ex-
emplary but not imitating. Those skilled in the art could
design various modifications, improvements or equiva-
lents with regard to the present invention within the spirit
and scope of the appended claims. These modifications,
improvements or equivalents should also be construed
as being included within the scope of protection of the
present invention.

Claims

1. An electronic device for user equipment side, com-
prising processing circuitry configured to perform
control to:

transmit a first uplink reference signal which is
non-precoded;

receive a feedback from a base station with re-
spect to the first uplink reference signal; and
transmit, based on the feedback, a second up-
link reference signal which is precoded.

2. The electronic device according to claim 1, wherein
the processing circuitry is configured to perform con-
trol to transmit the first uplink reference signal with
a first period, and to transmit the second uplink ref-
erence signal with a second period shorter than the
first period.

3. The electronic device according to claim 1, wherein
the processing circuitry is further configured to con-
trol to perform beam scanning, and to perform trans-
mission of the first uplink reference signal on a beam
determined through the beam scanning.

4. The electronic device according to claim 1, wherein
the processing circuitry is configured to perform con-
trol to perform transmission of the first uplink refer-
encesignalon abeam determinedin aninitialaccess
phase.



10.

1.

12.

13.

25

The electronic device according to claim 1, wherein
the feedback includes a precoding matrix indication
determined by the base station based on the first
uplink reference signal.

The electronic device according to claim 1, wherein
the processing circuitry is further configured to per-
form control to receive uplink channel state informa-
tion determined by the base station based on the
second uplink reference signal.

The electronic device according to claim 6, wherein
the uplink channel state information includes an up-
link precoding matrix index and a rank index.

The electronic device according to claim 1, wherein
the processing circuitry is configured to transmit the
first uplink reference signal in a power boosting man-
ner which comprises:

in an orthogonal frequency division multiplexing
symbol containing the first uplink reference signal,
concentrating power to a resource element carrying
the first uplink reference signal.

The electronic device according to claim 1, wherein
the processing circuitry is configured to transmit the
first uplink reference signal in a power boosting man-
ner which comprises:

transmitting only one uplink reference signal port in
one orthogonal frequency division multiplexing sym-
bol containing the first uplink reference signal.

The electronic device according to claim 8 or claim
9, wherein the power boosting manner further com-
prises:

in an orthogonal frequency division multiplexing
symbol containing the first uplink reference signal,
configuring zero power for a resource element which
is not for an uplink reference signal.

The electronic device according to claim 8 or claim
9, wherein the processing circuitry is further config-
ured to perform control to report, to the base station,
indication information regarding whether the power
boosting manner is used.

A wireless communication method for user equip-
ment side, comprising:

transmitting a first uplink reference signal which
is non-precoded;

receiving a feedback from a base station with
respect to the first uplink reference signal; and
transmitting, based on the feedback, a second
uplink reference signal which is precoded.

An electronic device for base station side, compris-
ing processing circuitry configured to perform control
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26
to:

receive, from a user equipment, a first uplink ref-
erence signal which is non-precoded;

transmit a feedback to the user equipment
based on the first uplink reference signal; and
receive, from the user equipment, a second up-
link reference signal which is precoded and
which is transmitted based on the feedback.

14. A wireless communication method for base station

15.

16.

17.

18.

side, comprising:

receiving, from a user equipment, a first uplink
reference signal which is non-precoded;
transmitting a feedback to the user equipment,
based on the first uplink reference signal; and
receiving, from the user equipment, a second
uplink reference signal which is precoded and
which is transmitted based on the feedback.

An electronic device for user equipment side, com-
prising processing circuitry configured to perform
control to:

transmit a precoded first uplink reference signal
by using two or more uplink reference signal re-
sources;

receive a feedback from a base station with re-
spect to the first uplink reference signal; and

transmit, based on the feedback, a precoded second
uplink reference signal.

The electronic device according to claim 15, wherein
the processing circuitry is configured to perform con-
trol to transmit the first uplink reference signal with
a first period, and to transmit the second uplink ref-
erence signal with a second period shorter than the
first period.

The electronic device according to claim 15, wherein
the processing circuitry is further configured to de-
termine the number of uplink reference signal re-
sources for the first uplink reference signal according
to a spatial coverage range of a beam, wherein the
beam being determined through beam scanning or
determined in an initial access phase.

The electronic device according to claim 15, wherein
the feedback comprises:

indication information of a reference signal re-
source selected by the base station by measur-
ing the two or more uplink reference signal re-
sources; or

a channel quality indication of the base station
with respect to each precoded uplink reference
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20.

21.

22.

23.

24,

25.
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signal resource.

The electronic device according to claim 15, wherein
the processing circuitry is configured to perform con-
trol to receive uplink reference signal resource noti-
fied by the base station, wherein a part of the re-
source is used only for uplink beam scanning, and
a part of the resource is used only for transmitting
an uplink reference signal.

The electronic device according to claim 15, wherein
the processing circuitry is configured to determine,
based on an indicator bit transmitted by the base
station together with uplink reference signal re-
source indication, whether the uplink reference sig-
nal resource indication is directed to resource for up-
link beam scanning or resource for transmitting an
uplink reference signal.

The electronic device according to claim 15, wherein
the processing circuitry is configured to perform con-
trol to transmit the first uplink reference signal
through a beam pair link determined in an initial ac-
cess phase.

The electronic device according to claim 15, wherein
the processing circuitry is further configured to per-
form control to receive uplink channel state informa-
tion determined by the base station based on the
second uplink reference signal.

The electronic device according to claim 22, wherein
the uplink channel state information comprises an
uplink precoding matrix index.

A wireless communication method for user equip-
ment side, comprising:

transmitting a precoded first uplink reference
signal by using two or more uplink reference sig-
nal resources;

receiving a feedback from a base station with
respect to the first uplink reference signal; and
transmitting, based on the feedback, a precoded
second uplink reference signal.

An electronic device for base station side, compris-
ing processing circuitry configured to perform control
to:

receive, from a user equipment, a precoded first
uplink reference signal which is transmitted us-
ing two or more uplink reference signal resourc-
es;

transmit a feedback to the user equipment
based on the first uplink reference signal; and
receive a precoded second uplink reference sig-
nal which is transmitted by the user equipment
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based on the feedback.

26. A wireless communication method for base station

side, comprising:

receiving, from a user equipment, a precoded
first uplink reference signal which is transmitted
using two or more uplink reference signal re-
sources;

transmitting a feedback to the user equipment
based on the first uplink reference signal; and
receiving a precoded second uplink reference
signal which is transmitted by the user equip-
ment based on the feedback.

27. A computer-readable medium comprising executa-

ble instructions that, when executed by an informa-
tion processing apparatus, cause the information
processing apparatus to perform the method accord-
ing to claim 12, 14, 24 or 26.
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